Preparation of calcium targets for 44Sc production in cyclotron
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Introduction
Among the large number of radionuclides of medical interest, scandium-44 (44Sc) is an ideal β+ emitter in PET diagnosis (T1/2 = 3.92h, 94.3% β+, Emax  =1474 keV). It can be used as an alternative to 68Ga or 18F because 44Sc has longer half-life and forms stable radiobioconjugates with a structure similar to 90Y and 177Lu, that is important in planning radionuclide therapy [1]. 44Sc can be produced inexpensively with adequate yields and radionuclidic purity via 44Ca(p,n)44Sc reaction  in small cyclotrons [2,3]. Presented work describes the technique of calcium targets preparation and results of its irradiation by proton.
Material and Methods 
Calcium targets were prepared by pressing either 0.2 g unenriched calcium carbonate powder (CaCO3, 99.95 purity, Sigma-Aldrich) into pellets of 10 mm in diameter or 0.15 g unenriched metallic calcium dendritic pieces (99.99% purity, Aldrich) into pellets of 8 mm in diameter. The vacuum pressing was used for CaCO3 compacting. Prepared pellets were than pressed into titanium or copper plates with dimension of 12 mm diameter and 2 mm thickness. Some metallic calcium pellets were loaded into titanium ring to enhance the target dissolution (from both sides) after irradiation. Manufactured targets were covered with 5 (m thick aluminum foil or 100 (m molybdenum foil and loaded into aluminum holder which was mounted in GE PETtrace 840 cyclotron (at HIL, University of Warsaw) proton beam. Typical irradiation conditions were 1.5-3 h at 13-23 µA current producing 0.7 GBq of 44Sc at the EOB. After irradiation the calcium targets were removed for the holder and dissolved in 3M HCl.
Results and Conclusion 
The pressed CaCO3 pellets were not durable enough to use them without support plate. Titanium support proved to be the most convenient from target processing point of view. In the case of copper, solution formed as result of target dissolution was slightly blue. It means that during irradiation CaCO3 reacts with copper forming compounds soluble in HCl. This constituted impurity interfering 44Sc recovery. As result of CaCO3 thermal decomposition during proton irradiation, the aluminum foil over the target face oxidized and an insignificant layer of calcium was deposited, through vaporization. It was observed that the CaCO3 pellets cracked under influence of proton beam and in many cases formed compounds difficult to dissolve in 3M HCl. No adverse effects on the metallic calcium target occurred, since in contrast to CaCO3 metallic calcium is more thermal conductive. The malleability of calcium allows it to be pressed into a water-cooled target body forming good thermal contact. Additionally, the intense reactivity of calcium with water lends towards fast target chemistry. However, the problem is that enriched 44Ca is commercially available only as carbonate. As calcium is a refractory metal, convertion of CaCO3 to metallic calcium is very difficult to perform and associated with a risk of introducing contaminants into target material. 
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